MATERIALS AND METHODS

93
Bacterial strains and culture conditions. S. aureus and S. epidermidis strains were 
120
The colony-forming units (CFUs) on BHI agar were enumerated at different time points 
135
Biofilms were formed on a 96-well flat-bottomed polystyrene plate as described above was analyzed by fluorescence microscopy using a GFP filter (Eclipse E600; Nikon,
188
Tokyo, Japan). ISK-1 had no effect on the viability of the biofilm cells ( Fig. 4E and 4F ). These results
227
are consistent with the CFU counts of the biofilms after treatment with the peptides. It (Fig. 8A ).
270
After 60 min, the biofilm was suspended in PBS and observed by fluorescence 271 microscopy. Fluorescence was observed at the surface of virtually every cell, and in 272 some cells, the division septa were also stained (Fig. 8B) lacticin Q against these two strains were not determined at the highest concentration
285
( Table 1) . The X-Y sections of the three-dimensional images were shown in Fig. 9 .
286
Among the tested peptides, nisin A showed the highest activity against all biofilms, and about 10-fold higher than that of lacticin Q (Fig. 3) . Additionally, nisin A was 310 significantly more effective than lacticin Q against biofilms of several strains of S.
311 aureus and S. epidermidis (Fig. 9) . These results suggested that nisin A attacks biofilm 
331
In this study, nukacin ISK-1 did not show bactericidal activity against biofilm cells,
332
although it disrupted the membrane potential of biofilm cells (Fig. 7 ). According to a 
344
Vancomycin is widely used as a first-line therapy for serious MRSA infections.
345
We have shown that vancomycin exhibits bactericidal activity against growing BODIPY-vancomycin (Fig. 8A) . Notably, BODIPY-vancomycin localized not only at 363 cell surfaces but also at division septa (Fig. 8B) 
FIG 1 Structures of bacteriocins
The shaded residues indicate modified amino acids. Ala-S-Ala, lanthionine; Abu-S-Ala, 3-methyllanthionine; Dha, dehydroalanine; Dhb, dehydrobutyrine; fMet, formylmethionine. 
FIG 9
Live/dead images of Staphylococcal biofilms after treatment with bacteriocins and vancomycin Biofilms formed on 35-mm glass-bottomed dishes were incubated with peptide solutions at a concentration of 4× MIC for 1 h at room temperature. By way of exception, biofilms of SE4 and SE21 were treated with 20 μM lacticin Q. After washing, the living and dead cells in the biofilm were stained by SYTO9 (green) and PI (red), respectively. X-Z sections of three-demensional images were shown. MR10, S. aureus MR10; MR11, S. aureus MR11; SH1000, S. aureus SH1000; SE4, S. epidermidis SE4; SE21, S. epidermidis SE21. Scale bar, 5 μm.
